Urea levels in milk of different species and its breeds; effect of season, stage of lactation and its relationship with fat, SNF and milk yield was investigated. Effect of various processing treatments on changes in urea content of milk and milk products were evaluated. Pooled samples of buffalo (Murrah) and cows (Tharparkar, Sahiwal and Karan Fries) were collected and urea content was estimated over a period of ten days. Average urea content in milk of Murrah, Tharparkar, Sahiwal and Karan Fries was found to be 41. 38, 40.85, 38.2and 25.53mg/100 ml, respectively. For both the species studied urea content in milk was influenced by season and it was significantly higher in winter and lower in summer and intermediate in rainy season. Milk urea content was observed to be significantly lower in colostrum of Sahiwal and Murrah; however it was maximum during 2 nd and 3 rd month of lactation in comparison to normal milk. During stage of lactation, the study revealed negative relationship between urea with fat, SNF content and positive relationship with milk yield. Processing treatments of milk significantly affected the urea level. During Pasteurization (63°C/30 min) and boiling (2 to 5 min) of milk, urea level was increased, whereas during sterilization (121°C/ 15 min), urea level decreased. The average urea content in dahi, khoa, skim milk powder (roller dried), paneer and paneer whey was found to be 18.78, 184.60, 408, 1.67 and 40.67 mg/100 g, respectively.
Introduction
Urea is normal constituent of milk and forms a major part of nonprotein nitrogen of milk. It is also a common constituent of blood and naturally occurring excretory end product. There is positive correlation between urea concentration in plasma and milk. Perhaps, blood urea is affected by various nutritional factors such as high or low nitrogen intake in the diet, water, dry matter, degradable or undegradable protein and other factors such as species, breed, season, stage of lactation, age etc. These factors influence the urea concentration in blood which subsequently influences the concentration of milk urea. Excess concentration of urea in the blood can also affect milk production, reproductive efficiency, embryo survivability and immune function of animals (Dominic et al., 2014) .
Although India is the largest milk producer in the world, demand of milk is more compared to production in the country. Due to this gap, some middle men add some cheap adulterants into milk to increase the quantity and earn profit. Among these, urea is one of the common adulterant added in milk to increase the SNF content. High level of urea in milk may causes health problem like indigestion, acidity, ulcers, cancer, malfunctioning of kidneys, osteoporosis and gradual impairment of the body (Abdallah et al., 2008) . It is also very harmful especially to young girls as it hastens the process of puberty (Singh and Gandhi, 2015) .
It is very important from the public health point of view to evaluate the levels of urea in raw milk and changes occurring during processing of milk and milk products. According to the Food Safety Standard Regulations (FSSR, 2011) , the permissible maximum urea level in raw milk is 700 ppm. However, there is no systematic study about the level of urea content in milk of different species and their breeds, as well as changes during processing of milk and milk products. Hence the present study https://doi.org/10.33785/IJDS.2019.v72i04.006 was aimed to conduct an exploratory survey of urea concentration in different species and effect of non-nutritional parameters such as seasonal variation, lactation and their relation with fat, SNF and milk yield. Further the effect of processing conditions on urea content of different milk products was also estimated.
Materials and Methods

Collection of milk samples
Milk samples were collected from different breeds of cow and buffalo from Livestock Research Centre, National Dairy Research Institute, Karnal, India. Pooled milk samples (500 ml) of different breeds of cow (Sahiwal (SW), Tharparkar (TP), Karan Fries (KF)) and buffalo (Murrah) were collected at 10 days interval for one year and analysed for fat, solids not fat (SNF) and urea (mg/ 100 ml) content in milk. Further the effect of season i.e. summer (March -June), winter (November -February) and rainy (July -October) on fat, SNF and urea content in milk of different breeds of cow and buffalo was also investigated.
Individual milk samples of SW cow and Murrah buffalo were collected for analysis of fat, SNF and urea content at 15 days intervals after calving to its drying period and effect of stage of lactation on fat, SNF, milk yield and milk urea level was studied. Relationship of fat, SNF and yield with milk urea was also investigated.
Pooled milk samples were collected from SW cow and Murrah buffalo separately to study the effect of processing on milk i.e. pasteurization (63 o C/30 min), boiling (for 2 and 5 min) and sterilization (121 o C/15 min at 15 PSI). Similarly milk products like dahi, khoa, skim milk powder, paneer were prepared from mixed milk as per the standard procedure (De, 1991; Aneja et al., 2002) to check urea level during conversion of milk to milk products.
Compositional analysis
Raw milk samples of different species (Murrah buffalo and SW cow) were collected for analysis of fat, SNF and urea. The urea content in milk was determined using p-Dimethyl Amino Benzaldehyde (DMAB) method described by Bector et al. (1998) . Fat content in milk was determined by Gerber method (IS, 1977) and SNF content in milk was determined using lactometer (IS, 1982) . Total solids content in khoa and skimmed milk powder was determined as per the standard methods (IS, 1995; IS, 1997) .
Urea estimation from dairy products:
For estimation of urea content in dairy products (Dahi, Khoa and Paneer), 10 g of sample was weighed in the beaker and 10 ml hot water (50 o C) was added to make uniform slurry. The content of the beaker was transferred to 50 ml volumetric flask and volume was made up to 50 ml by 24% trichloroacetic acid. The content was gently mixed it and allowed to stand for 30-40 minutes for complete precipitation of fat and protein. Then, the content was filtered using Whatman filter paper 42 for estimation of urea as per the method for milk described by Bector et al. (1998) . But, in case of dahi the filtrate was centrifuged at 3500 rpm for 10 min (at 4 o C) and supernatant was used for urea estimation. Reconstituted milk was used for urea estimation in powder and same method was used for urea estimation in paneer whey (Bector et al.,1998) .
Storage study
Sterilized milk prepared from both SW cow and Murrah buffalo were stored at 25 o C and analyzed for fat, SNF and urea content in milk at 15 days interval till 90 days.
Statistical analysis
The results were treated for analysis of variance (ANOVA) (at 5% level of significance) statistically using SAS Software (Version 5.4) and data was expressed as mean ± standard error.
Results and Discussion
Fat, SNF and urea in milk of different species
Results showed (Table 1 ) that fat and SNF content in milk were significantly higher in Murrah and lower in KF. Significant difference was observed within breeds of cow with respect to fat and SNF content and it was significantly higher in TP and lower in KF whereas intermediate in SW. The urea content was found to be highest in Murrah buffalo and lowest in KF. However, nonsignificant difference in milk urea level was observed between Murrah, TP and SW. Similar results were observed by Sarkar et al. (2006) .
Effect of season on fat, SNF and level of urea in cow and buffalo milk
It is evident from the Table 2 that average fat and SNF percentage in cow (TP, SW, KF) and buffalo (Murrah) milk were significantly (p<0.05) higher in summer followed by rainy and winter season. The increase in Fat and SNF content in summer season might be due to lower milk yield and those results of the present investigation are in close agreement with earlier findings (Gupta et al., 2010; Abbas et al., 2014) .
Urea concentration in milk significantly changes during different seasons. Urea content in milk was observed to be higher (p<0.05) in winter season as compared to summer and rainy season in both species. A similar trend has been reported previously by various workers (Yoon et al.,2004; Marai and Haeeb, 2010) . Urea content in milk was higher in winter which may be due to availability of green fodder whereas in summer season, insufficient availability of green fodder or heat stress affected the urea concentration.
Effect of stage of lactation on fat, SNF, milk yield and milk urea concentration
The colostrum was collected after calving and analysed for fat (%), SNF (%), urea content and milk yield. It is evident from Table  3 and 4 that fat and SNF content were higher in colostrum than normal milk in both species.
However, the urea content in colostrum of SW and Murrah was significantly (p<0.05) lower than normal milk which may be due to higher amount of protein content in colostrum or low milk yield or energy deficient condition immediately after calving.
It is evident from the Table 3 and 4 that there was a significant difference (p<0.05) in fat, SNF, milk yield and urea content in milk was observed during different lactation stage of Sahiwal and Murrah. It can be seen from Table 3 that the fat and SNF content in milk of Sahiwal cow was significantly decreased from 0 th day to 75 th day, thereafter it increased significantly till 195 th day. Similar trend was also observed in case of milk of Murrah buffalo. The fat and SNF content was found to decrease significantly from 0 th day to 60 th day, then it increased till 240 th day. Our observations are in close agreement with previous study carried by Henao-Velásquezet al. (2014) . They observed that highest fat percentages was found in colostrum, followed by a decline during the first 2 months of lactation, then a progressive increase in lactation progresses. Table 3 and 4 reveal significant difference (p<0.05) in milk yield during lactation period of Shahiwal cow and Murrah buffalo. The result showed that milk yield increased significantly from 0 th day to 75 th day, thereafter it decreased significantly till 195 th day in Sahiwal milk. Similar trend was also observed in milk of Murrah buffalo and the results showed that, the milk yield increased significantly from 0 th day to 60 th day, then it decreased significantly till 240 th day.
The level of urea in milk of SW and Murrah was found to be significantly different (p<0.05) during stage of lactation. Urea concentration in milk was significantly (p<0.05) higher in 2 nd to 3 rd month after calving then it significantly decreased in both species. During lactation period the level of milk urea was found to be lower in first month as compared to rest of period. A similar trend of milk urea has been reported by Yoon et al. (2004) during lactation. The low urea content in early stages of lactation was probably due to the fact that animals were on energy deficient condition during this period (Dominic et al., 2014) .
Species
Breed (Table 3 and 4) showed that fat, SNF, milk yield and milk urea level were influenced by stage of lactation. During the lactation period, negative relationship was observed between milk urea, fat and SNF content; whereas positive relationship was observed between urea content and milk yield. A similar trend has been reported by earlier workers (Johnson and Young, 2003; Arunvipaset al., 2003; Henao-Velásquezet al., 2014) . It can be seen from the Table 5 that there was a significant change in milk urea (mg/100 ml) during various processing treatments. Urea content significantly increased during pasteurization (p<0.05) and boiling treatments, but significantly decreased (p<0.05) during sterilization treatment. Similar trend was also observed by Yeung et al.(2006) in case of sterilized milk. Significantly decrease in milk urea content during sterilization treatment may be due to decomposition of urea to carbonic acid, acetic acid, and ammonia at high time-temperature; Whereas increase in urea content during pasteurization and boiling treatments may be due to increased concentration of milk.
Effect of various processing treatments on fat, SNF and urea content of milk
Effect of storage on fat, SNF and urea content in sterilized milk
It is evident from Table 6 and 7 that there was no significant (p<0.05) difference observed in fat and SNF content of sterilized milk up to 3 month at 25 o C. However, a significant (p<0.05) decrease in urea content was observed with increased storage periods in both species of milk. There was a slight decrease in urea content till 45 th day of storage, but thereafter it decreased significantly in milk of both species. It might be due to hydrolysis of urea by urease enzyme which is produced by bacteria (Mora and Arioli, 2014) .
Effect on urea level during manufacturing of different dairy products
It is evident from the Table 8 that there was significant difference (p<0.05) in urea content of raw milk and dahi. Milk urea concentration significantly (p<0.05) decreased from 36.67mg/100 ml to 18.78mg/100 g during preparation of dahi. Results showed that decrease in urea content was to be tune of 50% in the process of dahi preparation. A similar observation has been reported previously by Vintila et al. (2011) for yoghurt. A decrease in concentration of urea during preparation of dahi may be due to hydrolysis of urea by urease enzymes, which is secreted by lactic acid bacteria during fermentation of milk in to dahi (Mora and Arioli, 2014) .
The concentration of urea in raw milk and khoa was found to be 42mg/100 ml and 184.60mg/100 g, respectively (Table 8) . During preparation of khoa, concentration of urea increased 4 to 5 times in comparison to raw milk; which may be due to increased concentration of total solid during preparation of khoa. Total solids content in raw milk and khoa was found to be 16.58% and 66.72%, respectively (Table 9 ) and it clearly indicated that increase in total solids leads to increase in urea content.
The concentration of urea in raw milk and SMP was found to be 42.66 mg/100 ml and 408mg/100 g, respectively. During preparation of SMP, urea concentration increased 9 to 10 times in comparison to raw milk; which may be due to increased solid concentration during preparation of SMP. Total solids content in raw milk and SMP was found to be 10.12 and 97.2%, respectively (Table 9) .
Similarly urea concentration in raw milk was found to be 42 mg/ 100 ml; whereas in paneer and whey found to be 1.67mg/100 g and 42mg/100 ml, respectively. The results showed that there was a no significant difference in urea content of raw milk and paneer whey because urea is water soluble (Myers, 2007) .
Conclusions
The present study concluded that species, breed, season and stage of lactation significantly affected on milk urea level. During stage of lactation, urea level varied and a negative relationship was observed between urea, fat and SNF content, whereas positive relationship was observed between urea and milk yield. Table 9 Total solid (%) content in raw milk and dairy products
Values are presented as means ± SEM (n=3). a -b Means within rows with different lowercase superscript are significantly different (p< 0.05) from each other urea content in dahi, khoa, SMP (Roller dried), paneer and paneer whey was found to be 18.78, 184.60, 408, 1.67 and 40.67 mg/100 g, respectively. Urea content in milk was found to be lower than the prescribed legal limit i.e. 70 mg/100 ml. Based on the present study results can helpful to revised standard of milk urea and formulating the standard of urea limit in dairy products like dahi, khoa, SMP (roller dried) and paneer.
